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0 Support apparatus. 

@ A support for an object of appreciable weight (eg 
for a CRT display) comprises a mount 10 which, in 
use is located at a reference height A crank 20 
extends from this mount. A boom 12 is pivotally 
mounted on the mount and extends therefrom to and 
carries means {not shown) for attaching the intended 
object which is to be located at an adjustable height 
with respect to the reference height. A lift lever 26 
and a gas strut 30 are carried wholly by the boom. A 
lift rod 36 is mounted between a position on the 
crank remote from the mount/boom axis 18 and the 
lift lever, the latter being pivotally mounted in the 
Nboom. The lift rod and the gas strut are connected to 
^ the lift lever. The gas strut engages the boom and 
CO counteracts the effects of gravity on the loaded 
CO support The lift lever is arranged to rotate about an 
•"axis 28 which is substantially orthogonal to the 
^mount/boom axis and is fixed relative to the boom. 
^Alternatively, or in addition, the lift rod and the gas 
strut are arranged to be connected to the lift lever 
©with the strut at a greater separation from the lever's 
pivot than the rod. In addition to the lift mechanism 
UJthe support can also incorporate a parallel motion 
and a tilt mechanism. 
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SUPPORT APPARATUS 



The present invention relates to a support for 
locating an object (or objects) of appreciable 
weight at an adjustable height 

There are a number of applications in which it 
is desirable to locate an object of appreciable 
weight at any height within a given range and to 
have it remain in position using a passive mecha- 
nism without the need for locking mechanisms 
which bear a substantial portion of that weight One 
such application is the mounting of visual display 
units such as cathode ray tube (CRT) displays. For 
ergonomic reasons it is desirable to provide such 
displays with means for adjusting the height at 
which the screen is located so as to accommodate 
various users, lighting conditions, workstation lay- 
outs etc. Other such applications in an office envi- 
ronment would be the supporting of a drawing 
board, or of a complete workstation with keyboard 
and display. 

If the weight of the object is negligible, the 
general stiffness of the mechanism will be sufficient 
to locate if not to preserve attitude, but, even with 
an apparently fight item such as a CRT, the weight 
involved can typically be within the range of 8 Kg 
to 30 Kg for a single display. 

A prior art support for a CRT display described 
in DE - B - 2847135 comprises a base mount a 
boom pivotally mounted at its lower end to the 
base member, and means for attaching the display 
at the other end of the boom. In order to counteract 
the weight of the display, a torsion spring is pro- 
vided at the tower pivot point of the lift boom to 
bias it towards its raised position. In view of the 
high lifting forces needed, it is necessary to use 
relatively large and "bulky torsion springs in the 
support Also, due to the characteristic of a spring, 
there is a tendency for too high a lifting force to be 
provided at the lower positions of the boom and an 
insufficient lifting force to be provided at upper 
boom positions. 

It is also known to use one or more gas struts 
to provide the required lifting force. Typically, in 
prior lifting apparatus, the gas struts have provided 
a direct lifting force. ■ 

In one type of arrangement the gas struts have 
been mounted vertically and the display is moved 
up and down on the struts. This vertical arrange- 
ment has the major disadvantage that a low posi- 
tioning of the screen can only be achieved if the 
lifting mechanisms is mounted externally to the 
display, which increases the desk space or foot- 
print needed, or if .it penetrates the display itself, 
which makes for a more complicated design. 



A second type of arrangement using gas struts 
can be compared to a support which uses torsion 
springs such as that shown In the aforementioned 
DE -B-2847153. In the arrangements of this second 

s type, a gas strut has been directly connected be- 
tween the base mount and the boom In such a way 
as to bias the boom into its raised position. The 
use of a boom does provide a greater range of 
available heights compared to the vertical motion 

io arrangement but because of the direct action, both 
types of arrangement require the use of powerful 
and bulky gas struts, which result in relatively bulky 
supports. Prior gas strut arrangements also suffer 
from the problem of providing the correct amount 

is of lift throughout the full range of lift heights. 

These prior arrangements all suffer from the 
disadvantage of requiring powerful biasing means 
which means that the assembly and/or repair of the 
apparatus is potentially hazardous and that the 

20 supports are commensurately bulky and expensive. 
In addition, even in the lowest position the equip- 
ment is still at a substantial distance above the 
desk. 

In UK -A-2 021 065. a counterbalancing 

25 mechanism for X-ray tubeheads is disclosed. The 
mechanism comprises a hollow casing which is 
pivotally mounted to a trunnion at one end and to a 
triangular bracket at the other end. the triangular 
bracket also forms means for attaching the tube 

30 head. A bar is pivotally mounted to the trunnion 
and to the triangular bracket as well. In order to 
provide a counterbalancing force, a gas strut is 
connected between a position in the housing and 
the triangular bracket This arrangement is. how- 

35 ever, relatively bulky because the triangular brack- 
et rather than the casing, supports the tube head 
and, in addition, forms a lever in a lever mecha- 
nism, which results in a vertical disposition of the 
bar and strut being necessary. 

*o A structure for supporting medicinal or data 
processing apparatus at an adjustable height below 
a ceiling is described in DE -A-3416823. The sup- 
port comprises a ceiling mount an arm pivotally 
connected to the ceiling mount and means pivotally 

45 connected to the arm for attaching the apparatus to 
be supported. The arm is provided with a gas strut 
operating through a connecting mechanism for 
counterbalancing the force of gravity. The connect- 
ing mechanism comprises two parallelogram guid- 
so ances, each including a rod linked by a common 
guide element to which the gas strut is also con- 
nected. The guide element rotates about an axis 
which is fixed with respect to the arm and is 
parallel to the axes of rotation of the mount arm 
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and arm/attaching means pivots. This results in a 
vertical disposition of the gas strut and at least one 
rod so that, the resulting structure is relatively 
bulky. 

The object of the present invention* is to pro- 
vide a support for locating an object or objects of 
appreciable weight at an adjustable height which 
support is compact, and allows a large range of 
vertical movement such that the object may be 
located close to, or distant from a reference height 
or at any intermediate height 

This object is met and the disadvantages of the 
prior art are overcome by the support in accor- 
dance with the present invention. This support 
comprises a mount which, in use, is located at a 
reference height A crank extends from this mount 
A boom is pivotally mounted on the mount and 
extends therefrom to and carries means for attach- 
ing the object which is to be located at an adjust- 
able height with respect to the reference height. A 
lift mechanism comprises a lift lever and a gas 
strut which are carried wholly by the boom. The lift 
mechanism also comprises a lift rod which is 
mounted between the lift lever and a position on 
the crank remote from the mount/boom, the latter 
being pivotally mounted in the boom about a lift 
lever/boom axis fixed relative to the boom. The lift 
rod and the gas strut are pivotally connected to the 
lift lever. The gas strut engages the boom and 
counteracts the effects of gravity when the support 
is loaded with the intended object 

In accordance with a first aspect of the inven- 
tion, the axis of rotation of the lift lever (ie the lift 
lever/boom axis) is arranged to be substantially 
orthogonal to the mount/boom axis. This enables 
the lift mechanism to be arranged more compactly 
within a substantially flat boom with the lift lever 
and lift rod In a side-by-side as opposed to a 
vertical relative disposition. When the boom is hori- 
zontal, the lift mechanism therefore lies substan- 
tially within a horizontal plane. It is thus possible to 
achieve a compact design in which the whole lifting 
mechanism is contained out of sight within the 
boom. Also, a large range of vertical adjustment 
can be achieved with the object being supported 
very close to or distant from the reference height 
or at any intermediate height 

In accordance with a second aspect of the 
invention, the lift rod and the gas strut are con- 
nected to the lift lever with the strut at a greater 
separation from the lift lever/boom axis than the 
rod. This arrangement provides a mechanical ad- 
vantage which allows the use of a relatively small 
and inexpensive gas strut which in turn allows for a 
more compact design of the support than would 
otherwise be possible, which in turn allows for a 
design permitting a great range of vertical positions 
to be obtained. 



By careful choice of the positions at which the 
gas strut is connected to the boom and to the lever 
and the positions at which the lift rod is connected 
to the base crank, it is possible to make optimum 

5 use of the gas strut characteristics so as to provide 
the correct lifting; force needed over the full range 
of vertical positions. It is also possible, with a 
single basic design, to accommodate objects hav- 
ing a wide range of weights and weight distribu- 

io tions. Flexibility is possible because of the inter- 
changeability of gas struts having different pres- 
sures and can be enhanced by providing a plurality 
of optional connecting positions for the gas strut 
and the lift rod. 

75 The support can be provided with a platform 
for mounting the object on the boom and with a 
parallel motion linkage so that the platform remains 
at its original orientation during movement of the 
boom. This parallel linkage is preferably provided 

20 with a tilt mechanism to allow the platform to be 
set at a desired angle with respect to the base 
mount This angle is maintained constant during 
movement of the boom by the parallel linkage. 
The present invention will be further described 

25 hereinafter with reference to the accompanying 
drawings in which: 

Figure 1 is a general side view of an em- 
bodiment of the invention for supporting a CRT 
display; 

30 Figure 2 is an isometric view of part of the 

. support of Figure 1 including details of the basic 
lifting mechanism; 

Figures 3a and 3b, 4a, 4b, 4c and 4d t 5a 
and 5b, 6a. 6b and 6c are used to explain the 
35 operation of the lifting mechanism of Figure 2; 

Figure 7 is a plan view of a combined lifting 
and parallel motion mechanism for use in the sup- 
port of Figure 1 ; 

Figure 8 is a side view of the support of 
40 Figure 1 indicating in general terms how the 
mechanism of Figure 7 can be accommodated 
within the boom; 

Figure 9 is a plan view of a tilt mechanism 
for use in the support of Figure 1; 
«5 Figure 10 is a side view of the support of 

Figure 1 indicating in general terms how the 
mechanism of Figure 7 and that of Figure 9 can be 
accommodated in the boom and in the platform 
respectively; 

so Figures 11a. 11b and 11c are used to ex- 

plain the operation of the tilt mechanism of Figure 
9; 

Figure 12 is a plan view of a combined lift 
parallel motion and tilt mechanism for use in the 
55 support of Figure 1 : and 
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Figure 13 is a side view of the support of 
Figure 1 indicating in generaJ terms how the 
mechanism of figure 12 can be accommodated 
within the boom. 

Figure 1 shows a general view of apparatus for 
supporting a CRT display device which is con- 
structed in accordance with the present invention. 

The supporting apparatus comprises a mount, 
or base 10. a boom 12 and a platform 14 A CRT 
display 100 is attached to the platform. 

As can be seen in Figure 2, the boom is 
generally box-shaped in cross-section, and is wider 
than it is tali. The boom is formed at its lower end 
with two downward facing lugs 15. one at each side 
of the lower end of the lift boom. It is by means of 
these lugs 15, which pass through slots 18 in the 
base, that the boom is hinged to the mount about 
an axis 18 which is approximately horizontal in use. 
Conveniently, as will be apparent to the skilled 
person, the lugs 15 are placed wide apart along the 
axis 18 in order to enhance the torsional stability of 
the boom. The mount is formed with two upward 
facing lugs, forming a crank 20, which pass through 
a slot 22 in the lower surface of the boom. 

Contained within the casing 13 of the boom is 
a lift mechanism comprising a lift lever 26, a lift 
gas strut 30 and a lift rod 36. One end of the lift 
lever 26 is p'rvotafly mounted in the boom to rotate 
about an axis 28 at a fixed location in the boom. 
The axis 28 is substantially orthogonal to the 
mount/boom axis 18. This means that the lift 
mechanism can be contained in a compact manner 
within the boom, with tiie lift lever, lift rod and gas 
strut lying substantially within a plane which is 
parallel to, and rotates about the mount/boom axis. 
The lift lever/boom axis is perpendicular to this 
plane. The gas strut 30 is pivotally connected to a 
point 32 at the other end of the lift lever 26 and is 
pivotally connected to position 34 in the lift boom. 
The lift rod 36 is pivotally connected at one end to 
the crank 20. at a position 38 displaced from the 
mount/boom axis 18, and is pivotally connected at 
the other end to a point 40 on the lever 26 inter- 
mediate the pivot 28 and the connecting point 32 
for the gas strut 30. A cover (not shown) for the 
casing of the boom is provided so that the lift 
mechanism is concealed within the boom and to 
increase the rigidity and torsional stability of the 
boom. The cables (not shown) for the CRT display 
can be carried within the boom casing. 

Figures 3a and 3b are useful in explaining the 
operation of the lift mechanism. 

In a first position of the boom, at an angle 0 to 
the horizontal, the distance between the point 38 at 
which the lift rod 36 is connected to the crank 20 
and a predetermined position 42 in the boom, say 
the end of the boom, is X. In a second position of 
the boom, at an angle 0 + A0 to the horizontal. 



after a rotation AC about the mount/boom axis 18, 
the distance between the point 38 and the pre- 
determined position 42 has increased to X + AX. 
Clearly, if no biasing force is provided to coun- 
5 teract the weight of the display (not shown), moun- 
ted at the other end of the boom, the boom will 
tend to rotate in a clockwise direction (as seen in 
Figures 3a and 3b) about the hinge 18. The gas 
strut 30, lift lever 26 and lift rod 36 exert a biasing 
to force F between the point 38 and the position 34 at 
which the gas strut is mounted in the boom, to 
tend to cause the boom to rotate in a counter- 
clockwise direction (as seen in Figures 3a and 3b) 
about the hinge 18. The use of an arrangement of 
is gas strut, lift lever and Gft rod allows for the biasing 
force exerted to counter-balance the weight of the 
display over the complete range of operating 
heights as explained below. 

The relative distances of the connecting points 
20 32 and 40 of the gas strut 30 and the lift rod 36 
from the pivot 28 on the lift lever 26 mean that a 
less powerful gas strut can be used than would be 
possible if a gas strut were to provide the lifting 
force directly. Thus the mechanical advantage of 
25 the primary linkage comprising the lift lever 26 
allows a relatively small and compact gas strut to 
be used, while the mechanical disadvantage of the 
boom nevertheless allows for a wide range of 
heights to be selected for the display. 
30 The advantages of using gas struts rather than 
springs are manifold. Compared to springs, gas 
struts can be supplied with a wider range of output 
forces for a given diameter or barrel size. The 
range of "rates" (ratio of forces in the compressed, 
35 over the extended conditions - thus a gas strut 
"rated" at 1.5 and 100N would exert 100N when 
fully extended and 150N when fully compressed) 
-which are obtainable in a given diameter or barrel 
. size is also better than that for springs. Also damp- 
40 ing (controlled extension speed) can be provided 
using gas struts by incorporating a simple valve 
and/or oil in the barrel. 

The present invention allows these advantages 
to be exploited. 
<5 The point at which the gas strut is connected 
to the lift lever can be used to adapt the "rate" of 
the gas strut to the requirements of a particular 
arrangement For example, if a gas strut 30 rated at 
1.3 is operative over a 100 mm stroke S as shown 
so in Figure 4a. one can talk of a "system-rate" of 1 .3. 
If. however, the particular display set-up only re- 
quires a "system rate" of 1.15. the gas strut can be 
connected to the lift lever 26 at a position 32* 
where it used only 50 mm of its stroke S2 as 
55 shown in Figure 4b. With this in mind the Tift lever 
could be provided with a plurality of optional con- 
necting points 32. 32'. 32* for the gas strut. 
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By changing the position at which the gas strut 
is connected to the lever, and consequently chang- 
ing the working ratio of the lever mechanism, it is 
possible to support a range of displays having 
different weights with a single gas strut. Instead of 
providing a plurality of locations at fixed positions 
for connection of the gas strut as shown in Figures 
4a and 4b, it would also be possible to provide a 
continuously variable connection arrangement. 

Figures 4c and 4d show such an arrangement 
where the upper 26a and lower 26b surfaces of the 
lift lever 26 are formed with slots 27a and 27b. A 
pin 32 is mounted in the slots on a screw 33 such 
that on turning the screw the pin is moved along 
the slots. The screw is rotatably mounted at one 
end in a bearing 29. in order to correctly locate the 
pin in the slots, and to connect the gas strut 
thereto, the gas strut is formed with a double fork 
31. 

The system performance can also be changed 
by the selection of the start and finish angles a - 
{Fig. 5a) of the gas strut 30 relative to the lift lever 
26 as it rotates about the pivot point 28. The 
optimum driving force transmission is obtained 
when the gas strut is perpendicular to the lift lever 
(ie a = 0°). As a increases the effective driving 
force decreases, as this is given by F cos a; where 
F is the driving force of the gas strut at any 
particular extension. Thus it can be seen that the 
effective driving force can be maximised at a par- 
ticular portion of the gas strut's stroke by arranging 
for the gas strut to be perpendicular to the lift lever 
at that portion of the stroke and the performance of 
the strut can be 'tuned 1 to system requirements. In 
view of this a plurality of optional connecting posi- 
tions 34, 34', 34*, ... could be provided in the boom 
(see Figure 5b) for the end of the gas strut not 
connected to the lift lever. 

The system can also be tuned by the selection 
of the angle 0 between the axis of the lift rod 36 
and an imaginary line 42 joining the mount/boom 
axis 18 to the position 38 at which the lift rod is 
connected to the crank 20 (see Fig. 6a). If Y is the 
distance from the lift rod axis to the mount/boom 
axis 18, then the effective pulling distance of the lift 
rod. when the boom 12 is rotated with respect to 
the base 10 about the mount/boom axis 18, is Y sin 
0 (see Fig. 6b). The maximum effect is therefore 
obtained when 0 = 90". ie when the lift rod is 
perpendicular to the aforementioned imaginary line 
43 as in Fig. 6a. By choosing the relative positions 
of the mounrboom axis 18 and the connecting 
point of the lift rod 36 to the crank 20. it is possible 
to further tune the system. To this end a plurality of 
optional connection positions 38. 38'. 38'. ... for the 
lift rod 35 could be provided on the crank (see Fig. 
6c). 



Thus the lever arrangement of the support in 
accordance with the present invention provides 
more opportunities than conventional arrangements 
to optimise the lifting force over the complete 
5 range of operating heights. 

As the angle of the boom to the horizontal 
changes in operation as the display is lifted, it is 
desirable that a mechanism is pro ided for main- 
taining the display at a desired viewing angle. 

to Figures 7 and 8 show a simple arrangement for 
providing this feature. The boom is provided at its 
upper end with two upward facing lugs 44 which 
pass through slots (not shown) in the display plat- 
form 14. The platform could be generally plate-fike, 

T5 but could alternatively have a shape adapted to suit 
particular displays to be mounted thereon. Indeed, 
the platform could be formed integrally with the 
display housing. If the display is separate from the 
platform, the skilled person will be aware that suit- 

20 able securing means should be provided to fix the 
display on the platform when in use. It is by means 
of these jugs 44 that the platform is hinged to the 
lift boom about a boom/platform axis 46 which is 
parallel to the mount/boom axis 18. It is the boom 

25 therefore that carries the platform. The skilled per- 
son will realise that the stability of the structure is 
enhanced by placing the lugs 46 as wide apart as 
possible along the axis 48. The platform is also 
formed with downward facing lugs 48 for providing 

30 a platform crank 48 which pass through a hole (not 
shown) in the upper surface of the boom. As shown 
in Figure 7, the lift lever 26 of Figure 2 is modified 
to provide an extension beyond the pivot point 28. 
A para'lel motion linkage in the form of a parallel 

35 motion rod 52 is connected between a pivotal con- 
nection point 54 on the extended lift lever 26' and 
a pivotal connection at a position 56 on the plat- 
form crank 48. The locations of the point 54 and 
the position 56 are so chosen to maintain the 

40 platform, and consequently the display, at a con- 
stant orientation to the horizontal. If, for example, 
the distance between the connecting position 38 of 
the lift rod to the base lugs and the mount/boom 
axis 18. and the distance between the connecting 

45 position 56 of the parallel motion rod to the plat- 
form crank and the boom/platform axis 46 are so 
chosen to be equal, at any particular angle of the 
boom, then the connecting points 40 and 54 should 
be equidistant from, but on opposite sides of the 

so pivot point 28. With a combined lift and parallel 
motion mechanism the lift force required from the 
lift gas strut is unaffected by changing the position 
of the centre of gravity of the display. Figure 8 
illustrates how the lift and parallel motion rnecha- 

55 nisms are contained within the boom with the com- 
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bined mechanism lying substantially within a plane 
which is parallel to, and rotates about the 
mount/boom axis. As can be seen, the axis lift 
lever/boom axis is perpendicular to this plane. 

It is also desirable to provide a tilt mechanism 
for the display so that the viewing angle can be 
changed irrespective of the boom inclination. This 
could be done by providing a mechanism which is 
completely independent of the Oft end parallel mo- 
tion mechanism. However, the tilt mechanism can 
also be combined with the lift and parallel motion 
mechanism as illustrated hereinafter with reference 
to two alternative arrangements. 

in one of those arrangements, shown in Fig- 
ures 9 and 10. the till mechanism is housed in the 
platform 14. In this arrangement the platform lugs 
48 (Figures 7 and 8) are replaced by an idler arm 
58 which is pivotally mounted to rotate about the 
boom/platform axis 46. In practice the idler arm 58 
remains more or less vertical while the angles of 
the boom and the platform change. The parallel 
motion rod 52 (cf. Figure 7) is pivotally connected 
to the fewer end of the idler arm at a position 80 
displaced from the boom/platform axis 46. A tilt rod 
62 is pivotally connected to the other end of the 
idler arm at a position 64. the connecting positions 
60 and 64 relative to the boom/platform axis being 
chosen such that the platform maintains the ori- 
entation set, as the boom angle changes. 

The tilt mechanism, which comprises the tilt- 
rod 62, a tilt lever 66 mounted about an axis 70 
and a tilt gas strut 68. operates in essentially the 
same way as the corresponding lift mechanism 
comprising the lift rod 36, lift lever 26 and the gas 
strut 30; For example the axis 70 is at a fixed 
location within the platform and is substantially 
orthogonal to the boom/platform axis 46. The op- 
eration of the tilt mechanism will therefore not be 
described in further detail. A brief explanation of 
the forces produced when a display is tilted is. 
however, given below with reference to Figures 
11a, 11b and 11c. 

Figures 11a and 11b show a display at 0° and 
20° tilt respectively. This is a typical requirement 
of display users. If L is the horizontal distance at 0° 
tilt (Figure 11a) of the display's centre of mass 
from the axis 46 about which the display pivots and 
L + AL is the corresponding distance at 20° tilt 
(Figure 11b), then the turning moment - 

M«L at 0° and 
M»(L + At) at 20° 

(where M is the mass of the display). 

The force diagram gradient shown in Figure 
He therefore has to be matched closely by the tilt 
linkage mechanism (including the tilt gas strut) 
output forces. In order to achieve this, the tilt 



linkage mechanism is set up bearing in mind the 
various aspects discussed for the lift mechanism 
with respect to Figures 3a to 6c, Thus the tilt 
mechanism could include a plurality of optional 
s connecting points for the tilt rod and the tilt gas 
strut.on the idler arm. on the tilt lever and in the 
platform, as appropriate. Although the horizontal 
distance between the display's centre of mass and 
the axis 46, and accordingly the turning moment 
*o varies according to a cosine rule ALo R Cos y (R 
c distance from the axis to the centre of mass and 
t = the angle of an imaginary line between the 
axis and the centre of mass to horizontal), the 
turning moment curve can be considered to be 
is approximately linear where the total angle swept 
due to display adjustment does not exceed 25* 
and the angle T is within the range 20* to 60*. 
Outside this range special gas struts with high 
rates would be required. 
20 The other of the aforementioned arrangements 
comprising a lift a parallel motion and a tilt mecha- 
nism is described with reference to Figures 12 and 
13. This arrangement is particularly compact as the 
lift parallel motion and tilt mechanisms are all 
2S integrated in the boom. The combined mechanism 
is located substantially in a plane which is per- 
pendicular to and rotates about the mount/boom 
and boom/platform axes. It can be seen in Figure 
12 that the mount/boom and boom/platform axes as 
- 30 well as the aforementioned plane are parallel to the 
plane of the paper. In Figure 13 these axes are 
perpendicular to the plane of the paper. The afore- 
mentioned plane extends generally between the 
mount/boom and boom/platform axes (but does not 
35 pass through them) and perpendicular to the plane 
of the paper. The lift gas strut 30 is pivotally 
connected at one end to a predetermined position 
34' in the boom 12 and is pivotally connected at 
the other end to a point 32 on the lift lever 26*. The 
<o frft lever 26*. which is mounted about an axis 28 
fixed with respect to boom 12, is pivotally con- 
nected to one end of the lift rod 36, whose other 
end is connected at a position 38 to the base crank 
20. It can be seen in Figures 12 and 13 that the 
45 axis 28 is perpendicular to the aforementioned 
plane and orthogonal to the mount/boom and 
bcorrvplatforrn axes 18 and 46. In Rgure 12 the 
axis 28 is perpendicular to the plane of the paper, 
and in Figure 13 it Des in the plane of the paper 
so along the dot-dash fine. The Oft lever 26* is also 
connected to a combined parallel linkage and tilt 
mechanism at the point 54. As discussed with 
reference to Figures 7 and 8. the relative positions 
of the of the connection points 54 and 40 with 
55 respect to the pivot point 28 of the Oft lever will be 
dependent on other relateo dimensions. 
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The parallel linkage and tilt mechanism com- 
prises a slider plate 82 a tilt gas strut 68'. a tilt 
lever 66' which is provided with a hollow portion 96 
for the passage of the lift rod 36. and a tilt rod 62'. 
The tilt lever 66' is pivotally mounted at a fixed 
location 70' on the slider plate 82. Studs 76. which 
engage slots in the slider plate, are provided in the 
boom for guiding the plate. 

The tilt gas strut 68' is pivotally connected at 
one end to a predetermined point 72* on the tilt 
lever 66' and is further connected at the other end 
to a predetermined position on the slider plate 82, 
which in this specific arrangement is the position at 
which the lift lever is connected to the slider plate. 
The tilt rod 62' is connected between a predeter- 
mined pivotal connection point 74' on the tilt lever 
66' and a pivotal connection at a predetermined 
position 56 on the platform crank 48. The tilt rod 
passes through a hollow portion 94 of the lift lever 
26*. As can be seen in Figures 12 and 13. the axes 
28 and 70' are parallel to each other. In this ar- 
rangement the platform 14 is the same as that 
shown in Rgure 8. A continuously variable mecha- 
nism such as that shown in Figures 4c and 4d can 
be provided for either or both of the Oft lever and 
the tilt lever for adjusting the point at which the lift 
and tilt gas struts are connected to their respective 
levers. 

The lift mechanism and the tilt mechanism are 
both balanced systems in their own right, and due 
to the inherent stiffness of the mechanisms they 
operate independently of one another. 

To raise the display height the operator merely 
has to apply a slight upward force on the display to 
" "lighten the load" on the system and to temporarily 
take the lift mechanism out of balance. The effect 
of this is that the lift gas strut 30 extends under its 
internal pressure. The lift lever 26* is thereby al- 
lowed to rotate anti-clockwise (as seen in Rg. 12) 
about the pivot point 28 forcing the sOde plate 82 
to the right as seen in that Rgure. As the tilt 
mechanism is in balance with the display at its 
current tilt angle and as the tilt mechanism is 
mounted on the slide plate 82, the tilt mechanism 
moves with the slider causing the tilt rod to act on 
the platform 14 to maintain the desired tilt angle (ie 
the tilt mechanism and the slide plate act together 
as a parallel linkage). When the user releases the 
display fie when he ceases to exert an upward 
force) the display stays at the desired height be- 
cause the lift system is once more balanced. To 
lower the display height the operator merely ap- 
plies a slight downward force on the display until 
the desired height is reached. 

if the user applies a force so as to tilt the 
display about the second axis 46. this changes the 
rotational force and takes the "tilt system" out of 
balance. The extension of the tilt gas strut changes 



accordingly. When the. user releases the display 
the tilt system is balanced in the new position. As 
thjs balancing of forces, takes place within the tilt 
mechanism (tilt rod 62'. tilt lever 66' and tilt gas 

5 strut 68') on the slide plate, the slide plate 82 and 
the balanced lift mechanism do not move. 

In all of the described embodiments the 
mount/boom and boom/platform axes would nor- 
mally, in use. be substantially horizontal. 

w Rgure 12 also shows a locking mechanism for 
the lift, tilt and parallel motion mechanisms. This 
comprises a locking plate 78 which is connected to 
the tilt lever 66' at 84 and is formed with a slot 86. 
The lift lever 26* is also provided with an integral 

is slotted extension 92. Passing through the slots in 
the locking plate and the extension is a screw 88 
which is connected to a locking lever 90. On op- 
erating the locking lever 90 the screw urges the 
plate 76 and the slotted extension 92 against a 

20 locking collar 91 formed in the lift boom 12. As the 
lift and tilt mechanisms are balanced, only light 
forces are needed to lock the support apparatus in 
a desired position. 

Although the present invention has been de- 

25 scribed with respect to variants of a specific em- 
bodiment. It will be understood that further modi- 
fications and/or additions are possible without de- 
parting from the claimed subject-matter. 

In the embodiment of Rgures 12 and 13 for 

30 example, the slide-plate 82 could be replaced by a 
suitably shaped rod connecting the points 54 and 
70' and slidably mounted in the lift boom 12. 

The platform 14 could form an integral part of 
the display device's housing. 

35 The apparatus could additionally be provided 
with a swivel mechanism. This could, for example, 
take the form of a turntable which forms part of the 
base mount 10. or to which the mount is con- 
nected. Alternatively, or additionally, the base 

40 mount could be in the form of an edge clamp to 
further reduce the footprint of the apparatus. 

instead of a base mount with a boom and 
platform arrangement for supporting an object 
above the base mount the support could comprise 

45 a mount which is for fixing to a wall or ceiling with 
the boom depending therefrom (ie a support which 
is essentially an inverted form of that so far de- 
scribed). As in the embodiments particularly de- 
scribed, the lift mechanism would be so arranged 

50 to urge the boom into its raised position, although 
in this alternative embodiment that would be the 
near-horizontal position. The lifting force would be 
so adjusted to counteract the downward force of 
gravity acting on the object (eg a CRT display) 

55 attached to a platform at the lower end of the 
boom, which downward force would urge the boom 
towards the near-vertical position. To adapt the 
lever mechanisms particularly described to provide 
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a force which urges the boom to a near horizontal 
position is considered to be within the scops of the 
stalled person. This could be achieved, for exam- 
ple, by attaching the lift gas strut 30 and the lift rod 
36 to the lift lever 26 shown in Figure 2. at opposite 
sides rather than on the same side of the pivot 28. 

It should be understood that the present inven- 
tion, although particularly described with reference 
to a display device, is not limited to the supporting 
of such a device. 



Claims 

1. A support, intended in operation to locate an 
object of appreciable weight at an adjustable height 
relative to a reference height the support including: 

a mount (10) to be located at the reference 
height and having a crank (20) extending there- 
from; 

a boom (12) pivotally mounted on said mount 
about a mount/boom axis and extending therefrom 
to. and carrying, means for attaching the intended 
object; and 

a lift mechanism comprising: 

. . a fift lever (26; 26*; 26") and a lift gas strut (30) 
carried wholly by the boom; and 

a lift rod (38) mounted between the lift lever and 
a position on the crank remote from the 
mount/boom axis, 

the Oft lever being pivotally mounted about a lift 
lever/boom axis which is substantially orthogonal to 
the mount/boom axis and is fixed relative to the 
boom, and the lift rod and the lift gas strut both 
being connected to the lift lever, 

the lift gas strut engaging the boom and 
counteracting the effects of gravity when the sup- 
port is loaded with the intended object 

2. A support as claimed in claim 1 wherein the 
lift rod and the lift gas strut are connected to the lift 
lever with the strut at a greater separation from the 
lift lever than the rod. 

3. A support intended in operation to locate an 
object of appreciable weight at an adjustable height 
relative to a reference height, the support including: 

a mount (10) to be located at the reference 
height and having a crank (20) extending there- 
from: 

a boom (12) pivotally mounted on said mount 



about a mount/boom axis and extending therefrom 
to, and carrying, means for attaching the Intended 
object; and 

5 a lift mechanism comprising: 

a lift lever (26; 26'; 26^ and a lift gas strut (30) 
carried wholly by the boom; ar*d 

to a lift rod (36) mounted between the lift lever and 
a position on the crank remote from the 
mount/boom axis, 

the Gft lever being pivotally mounted about a lift 
rs lever/boom axis fixed related relative to the boom, 
and the lift rod and the lift gas strut both being 
connected to the lift lever but with the strut at a 
greater separation from the lift lever/boom axis than 
the rod, 

20 

the lift gas strut engaging the boom and 
counteracting the effects of gravity when the sup- 
port is loaded with the intended object 

4. A support as claimed in any one of the 
25 preceding claims wherein the lift mechanism lies 

substantially within a plane which is parallel to the 
mount/boom axis. 

5. A support as claimed in any one of the 
preceding claims wherein the attachment means 

so comprise a platform (14) for mounting the intended - 
object the platform being directly carried by and 
pivotally mounted on the boom about a 
boom/platform axis, which is substantially parallel 
to the mount/boom axis, and being connected to a 

3S parallel motion mechanism. 

6. A support as claimed in claim 5 wherein the 
parallel motion mechanism comprises a platform 
crank means (5& 48) and a parallel motion linkage 
(52) which is connected between a position on said^ 

<o platform crank means remote from the 
boom/platform axis and a pivotal connection point 
(54) on the lift lever (26'; 26^ located with respect 
to the lift lever/boom axis and with respect to the 
crank lengths so that the attitude of the platform is 

45 substantially preserved as the boom moves. 

7. A support as claimed in claim 6 wherein the 
platform crank means comprises a fixed platform 
crank (48) which extends from the platform and 
wherein the parallel motion linkage includes a tilt 

so mechanism comprising: 

a slide member (82) which is slidably mounted 
with respect to the boom: the Oft lever (26") being 
pivotally connected to the slide member at the 
55 pivotal connection point (54): 

a tilt lever (66) and a bit gas strut (68') earned 
wholly by the slide member and 
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a tilt rod (62') mounted between a position on 
the platform crank remote from the boom/platform 
axis and the tilt lever, the tilt lever being pivotally 
mounted about a tilt lever slide member axis fixed 5 
relative to the slide member, and the tilt rod and 
the tilt gas strut both being connected to the tilt 
lever, the tilt gas strut engaging the slide member 
and counteracting the turning moment caused by 
weight of the intended object when loaded on the io 
platform. 

8. A support as claimed in claim 7 wherein the 
tilt lever/siide member axis is substantially parallel 
to the lift lever/boom axis. 

9. A support as claimed in claim 7 or claim 8 16 
wherein the tilt rod and the tilt gas strut are con- 
nected to the tilt lever with the tilt gas strut at a 
greater separation from the tilt lever/slide member 

axis than the tilt rod. 

10. A support as claimed in any one of claims 20 
7 to 9 wherein the parallel motion mechanism and 

the tilt mechanism also He substantially within said 
plane which is parallel to the mount/boom axis. 

1 1 . A support as claimed in any one of claims 

7 to 10 comprising a locking mechanism (78. 86. 25 
88, 90. 91. 92) for locking the support in use with 
the object located at an intended height and with 
an intended inclination. 

12. A support as claimed in claim 11 wherein 

the locking mechanism comprises a locking plate 30 
(78) which is pivotally connected to the tilt lever 
and is formed with a slot (86), an integral slotted 
extension (92) to the lift lever (26-), a locking collar 
(91) which is formed in said lift boom, a clamp 
mechanism (88) which extends through the slots in 35 
the locking plate and the slotted extension to the 
lift lever, and an actuator (90) which, on manual 
operation thereof, causes said clamp mechanism to 
clamp the locking plate and the extension to the lift 
lever to the locking collar. 40 

13. A support as claimed in claim 6 wherein 
the platform crank means comprises an idler crank 
arm (58) which is rotatably mounted about the 
boom/platforrn axis and wherein the platform is 
provided with a platform tilt mechanism comprising: 45 

a platform tilt lever (66) and a platform tilt gas 
strut (68) carried wholly by the platform; and 

a platform tilt rod (62) mounted between a so 
position on the idler crank remote from the 
boom'platform axis and the platform tilt lever, the 
tilt lever being pivotally mounted about a ptatform 
tilt leverplattorm axis f70) fixed relative to the 
platform, and the platform tilt rod and the ptatform 55 
tilt gas strut both being connected to the platform 
tilt lever, the platform tilt gas strut engaging the 



platform and counteracting the turning moment 
caused by the weight of the intended object when 
loaded on the platform. 

14. A support as claimed in claim 13 wherein 
the platform tilt lever/platform axis is substantially 
orthogonal to the boonVjplatform axis and wherein 
the platform tilt mechanism lies substantially within 
a plane which is parallel to the boom/platform axis. 

15. A support as claimed in claim 13 or claim 
14 wherein the platform tilt rod and the platform tilt 
gas strut are connected to the platform tilt lever 
with the platform tilt gas strut at a greater separa- 
tion from the platform tilt lever/platform axis than 
the platform tilt rod. 

16. A support as claimed in any one of the 
preceding claims wherein a plurality of optional 
mounting points for one or more of the gas struts 
are provided on the elements with which it or they 
co-operate. 

17. A support as claimed in any one of the 
preceding claims wherein the position at which a 
gas strut is connected to its co-operating lever is 
continuously adjustable along part of the length of 
said lever. 

18. A support as claimed in any one of the 
preceding claims wherein a plurality of optional 
predetermined connecting positions (34, 34', 34', 
...) for said lift gas strut are provided in said lift 
boom. 

19. A support as claimed in any one of the 
preceding claims wherein the base crank com- 
prises a plurality of optional connecting positions 
(38, 38', 38*. ...) displaced from the mount/boom 
axis for the lift rod and/or said platform crank 
means comprises a plurality of optional connecting 
positions displaced from the boom/piatform axis for 
the tilt lever or platform tilt lever as appropriate. 

20. A support as claimed in any one of the 
preceding claims wherein the intended object is a 
display device (100). 

21. A support as claimed in any one of the 
preceding claims in combination with a display 
device. 

22. A support substantially as shown in the 
accompanying drawings. 



BNSDOC1D: <EP Q244566A2_I_> 



0 244 566 





FIG. 4a 



FIG.ib 



3NSD0CTDt <EP 0244S68A2_L> 



0 244 566 




FIG. 4 d 



U 244 566 




BMSOOCia <EP Q244566A2J_> 




FIG. 8 





BNSDOCIDc <£P _0244568A2_I_> 




FIG. 11b 




ML 

TURNING 
MOMENT 




M(Lt AL) 



FIG. 11c 



20° (TYPICAL) 



U 244 565 




FIG. 13 



BNSDOCID: <EP 024456&A3J_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

J 

U LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



